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Abstract of JP2004055747 
PROBLEM TO BE SOLVED: To improve a 
characteristic which is aluminum free and does 
not depend on the size of &utri Eg. 
SOLUTION: An active region is constituted of 
a DQW structure of an InGaP barrier layer 26 
and an InGaAsP well layer 27 constituted by 
lattice matching with a GaAs substrate while 
guide layers 24, 28 are constituted of AIGaAs 
having an Al composition larger than 0.20. As 
a result, a difference in Ecs between guide 
layers 24, 28 and a well layer 27 can be set 
not less than 0.1 2eV, and the overflow of 
electron from the well layer 27 can be 
suppressed. Further, depending on the 
combination of InGaAsP well layer 27, a 
difference in Ecs can be increased while 
keeping a difference in Evs between the well 
layer 27 and the guide layers 24, 28 small as it 
is. Accordingly, the overflow of an electron 
from the well layer 27 can be suppressed while 
avoiding becoming a barrier for pouring holes 
into the well layer 27. 
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im&m i ] 

G a A s £«JtK, 4>*< t T§&* v ? Kit, T^^-f K»fc, l^^dW 
#F»t^UTJBi:**i«JB**L"Cjft&«^#^*'SrtrfS14«J«i:. -LS&tf-f Fit, -LfB 
K»3&«»*S*tfc»«ifeJl36«7 6 0 nmi >9^§ <I^8 0 0 nmi «?*3V»3M«£ 

_kfB#F f g*3«fcO f r*i; InGaP, I nGaAs P*i^liGaAs POtti* 

±fB*M K«»i. A 1 . G a x - « A s (0. 20<x^l) ■CMJJiti/^it 

2 ] 

1 KfB«^**V— 9*i6*K*5^T, 
JifE^-Y KJg<7) I I I SfeTcSB'H-fctf* A 1 <7>MJt$rS*'i"-tlEx <7>-fit:t± 0 . 2 5 «fc *) 

[ltS3] 

l &«v>iifll$fi2 »c|B«©*»»v— Tit1lfc*v»-c, 
[f»#3U] 

[St*«6j 

m$L& 1 6 <Dffi tt75>— o K fBftcD^MMfr l' - & i/> T , 

[»3fc3l 8 ] 

W*:«l^MIS^7 0#tL^— oH?B««d^«c#^— fifelfi*, ^ilt LXm^tz 
[ 0 0 0 1 ] 

mtt1W*l-A 1 Sr-&*&^l&*St|£ 7 8 0 nm^r (7 6 0 nmi Wl< 8 
0 0 nm«t w^f#l/-fif, j3J:r>\ -eo*«cfrV— 9**it«:Mv>fc3fc-f' 

[0 0 0 2] 

ftU-fgltLt, 7 8 0 n mi©*i# l/-f ilM < ftffl ? tit , ^<D^^ 
<b> iSiS*£&<^tU"tg&C D - R (CDrecordable) ffl<o^*# ¥ t 
IT, 1 2 0mWJ^_hcD^m^-e^#jSt4^^V^«#V--if^m*^<M^ ttTV^ 0 

[0 0 0 3 ] 

ti%t, #pi/A>J7ii:A 1^'Aotv^ltl^A 1 GaAsIWfi^ 
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sm* m s -c& *> tz #> K.n%*& <r>m* <D^m ®t*> rjs ul4</», mt * *t « u 

£>*l4o L7^Lft7i s t>> *BR*c*i, 7 8 0 nmSKSK, 1 2 0 mWtliO^tB^'Ct 
[0 0 0 4 ] 

±9E#F»/^'JT»^A 1 **AoTV>£v^ii?>3&tg?fcg8 1 0 nmO**#V-fi6 
lit L"C> 43fH*F1 1 - 2 2 0 2 4 4-^&#R, Japanese Journa 

lof Applied Physics Vol. 3 8 ( 1 9 9 9) pp. L 3 8 7 ■ 
L 3 8 9 KR^SfLT^* J: ft «b*>a«Jft3|5 3*LTV»*o fc*^ 
v>T, 7 8 0 nm-C»«-*-***#l^-1fK!a*f^J*LT*fco 

[0 0 0 5 ] 

IB 1 2 f±, JiSE^WB/^'J TJBK A 1 ^AoT^*v> I n G a A s P^»^-#^«i^O 

*mfov-*fmw.*7F-rm : &m-T?$>2><> ttz, mi 3 a, mi 2 K^-r^m^^-^rmw. 

H*ltafS'Ml*a#<7)^^;V^r-/N*> K^Y ? •/ (Eg) <7)^-f7^7A$r^t 0 
[0 0 0 6 ] 

11 1 2 Kis^T, llinlGaAs 2 f± nlA lo.53Gao.37As TS5^ 

KS> 3 li I n 0 . 4 84 Ga 0 . sis PTW Kg, 4 4 „ - 

i-C, fS'MttU i±, ^'J715 fc#WP6 t^t>**=:It?#F (DQW) «Jt** 
LT^& 0 4fc, 7liln,. 4 a 4 G a o . sis P-hgBtf-f Ki, 8 \t P m<DA 1 „ 

6 3 G a o 3 7 A s 7?KI, 9lipS<DGaAs ^ft®> lOliS i 0 2 1 

SE7o^i, 1 Kin«ft, 1 2 tt P fll*«-c*So /-*y re 5 it, I n„ . 4 Ga 

0 . 6 P-C|gjjfc£*l> ^}431SS^- 0.62 /SJ¥&i5 a, 5c#8 nm-C& >9 5 b 

7^7 nm-C3>4o In 0 . 4 Ga,. « POE g f±, Lft V>^^-(4 2 . 0 2 

e vm8tt&m satart*. 3I31^K U^fCiot l. 9 3 e V~ l . 9 6 e VlJKt 

ifjjt&o #;=>Jg 6 »i, In 0 . 16 3 G a o . 8 s 8 ASo. s7iP 0 . s 
t 9 -C«^?*tTi5 Eglil. 5 7eVt, Xlitt^I^Lt^ ») , gJ¥(4 6 a , 
6 5 nm-C&4 0 £ A 1 G a A s _b£B^ 9 y K« 8 f*, 'J y -J X h 9-f 7°mik 

^tU * h ?>f :/*5tt 2. 5//mt^6, 
[0 0 0 7] 

t*<?)#Pi/^'J 71CA 1 7) s AoT^^V^##V-^I-Cli, In 0 . , , . G 
a 0 . , , , P^Kf (Eg=l. 89eV) HnGaAs P #Fm<DfflK I n 0 . 
« Ga,. 6 P s<V TM&ffiX LT, #FI^iSt?>i (0*19, A'J715) t«OE 
g<7>^ TA E g J * 0 . 3 6eV~0. 39 eVt, 71CA 1 A s Aot^ 

i^MMfcl^-ifi&BJ: »9 < LT^2»o ffOx..*, A 1 G a A s»o*f#V-foi 

^#F#^-Cr*s ifi^A E g = 0 . 2 5 e VfI«-C*&o "5 ±.Ufe#V>&7*m 

/A>J7iCA 1 7i s AoTV^ftV^^E#V>--if^m-Cfi, M'J7i5Cffl^4A I7'J- 
<r>ttftk LTA E g *r^/ilt^l < ktL*>*m*m&> ffll;feft 4r -V 'J T<7>E/?C&£>£ 

[0 0 0 8] 

L^LftA'fe, ±.mQ£&<D#j3m/;*V TmKA l * 5 AoTv>^i> I n G a A s P^*^- 

tLftV> 0 SJgW'&fc^l^gK > 8 0rJa_fC»i5&i5Lft^^T**o ft* -hfE# 

■pj^/s^x) yMKA 1 75 s AoTV^A 1 G a A s 3h<D 7 8 0 n mm^<^*#^ V- 
?>l§^f±> RMKtt$fE4<3 5mA, S.«#t4* s l 1 OKSM^o L^t^oX, _hs£A 1 
G a A sI(0*f#V-fSti: Jt« L IdU ilC^ttA^fttTV^©-?**, 

[0 0 0 9] 
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[0010] 

[§^£^&-r&*:a6<^IS:] 
Jt IE a iftSritfiic ^KO|&Kti:> GaAslSJ:!:, 4»& TS5^9 7 K 

p?r^tf«ttf«t, _hg|J^ KJBt. _kg&^9^ K»56«^BK ? *t^5MR«ft**7 6 0 n 
mi >9^:§ <io8 0 0 nm<fc «9 /h ? V^^E^V-^f ^g^^v^r. _hia#^S43 <t CF/< 
'J 7gli InGaP, InGaAs P&&W4G a A s P <7>-fef*ia*-C*S}fcS fi, _hIE#V 
K»{4A I, Ga, - , As (0. 2 0<x^l) "CflU^S *L-ev>& £ t«r#fitt LTV> 

[0011] 

«fc ? I n G a A s P li, IBBS***.* i: , RCE g^oT^>^? 
-> a Kcoai^^^-- (Ec) F<7)ai^;u^— (Ev) tco-ffifi^fc' 

oT < &o t&^5Eit^G a A s 3£«Hiav»3fiJSfe-ca6,4 I nGaAsP^Eglt 

KfiBlc/A^oT < & 0 -g-c^^felc, JcW^y TJBfc I n G a A s P^ 

tfw&m^tz^i&Kte, mm<vm?>& e g $-^:^^M^ig^LT4>. e v ©i < i a e v 

I ) tfj^ij < &oT, E c <7>^ ( I A E c I ) it A 1 G a A s JR <*> *M*ft; ~*J* £ 

[0012] 

L^7i-*oT. _LfE^<J Ti^J: W Ff UTInGaP 4rflH/»fcfl£*£> 7 8 0 nm* 

ttmfcis-ifmWivm&Kn^ i aec i /.nm ui^t-^-7n-^i:T, mm. 

[0013] 

iifE^EEK J: tuf, InGaP, I n G a A s P $>& ^ii G a A s P (Dtfitifr-efflf&Z ft 
& A 1 Sr-g-S&w* 'J T»<amiK, I I Iil'^A lMJt5i s 0. 2 Oi^l^A 1 
G a A s if A Vm&W>lthtiX\,>2> 0 L*r7^oT> JifE I n G a P, I n G a A s P & S 
W4G a A s PcD$Stifr'?mffc2tL2> A 1 £-^£ &v>#;p/S i _fc|E:*f--f KJg t co I A E c 
I 7^,0. 12eVgKa±eKg3^4. i©0. 1 2 eVUf tli, A 1 GaAs^ 
^2»tel/-^<D*^#F« itK j3V>T, A'JTBtLTI I l2i©A 2 7S 

J^<7)A 1 G a A s S-ffl Wc:|§-£-<7X 7it#p|^i E c K*g^-r& 0 Lt^ ! oT 

, A 1 G a A a&<D*mi*l'-Vkffl&&±KU¥<0*-si-yv-&1fm2tL*o 
[0014] 

-t<a>£*, _hiei nGaP*^ vm^m^fz^m^i^-^mw.K^n^^^yfAcow.m'c- 

*v> 7 8 0 nm^fO^«#V-^il<0#tt75 s , f L < [6]_h$ *L&<7>-r&& 0 J: 
fEA 1 fcvwti; r^^ff^tc ± oT, ±|E#^J1^J4. A 1 _h|EA 1 G a A 

s if 4 Fm&m&ZtL&Z kit&^o LTtr^oT, » W§}|g'I43&Wfe3 tl*> o 
[0 0 1 5 ] 

i ^jfe^-eti. ±ia^ i v>$km<D i tmfau-*fmw.Ki3\,*-c^ _tfE#v kioi i 

o 

[0016] 

Z<vMMWnz£tuf, _kf£A 1 G a A s if 4 Fmt&WmtV I AEc 1^0. 12eV 

■?> o 
[0017] 

l^ifiCT-eti, -hIE^10^<7)^^c#^-+P^m^^v^T. ±UTU? ^ y Vm 
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[0018] 

Z<D^MMK «t *uf , _hiEA 1 G a A s if-i YM<D I AEcO Ifei^GaA s^&K*f 
"TS E v <75^-C*S I A E v 0 I JifBTSB^ 9 y KS43 <fc OLtfl^ ^ * KS «fc <9 fe/h 
3<&& 0 Lfc**oT, -tfa^f-f Fi*-Clf<?)*-A-7n-m&t JIT, SJ^# 

[0 0 19] 

< J: -5 ^ftLT^^o 
[0 0 2 0] 

J: *uf, _h|£A 1 GaAsW Ki© I AEc 0 I S i^l AEv 0 

[ 0 0 2 1 ] 

< <t fc/<U Te^LTi/^^^JifBx Ofiifi. 0. 4 J:H/h?<^otv>| l 
[ 0 0 2 2 ] 

[ 0 0 2 3 ] 

[0 0 2 4] 

[0 0 2 5] 

tfz, lmmm-ca, ±umi<D$kW<D*mfcu-*fmUK&^'c, jiia^u resist 

[0 0 2 6] 

[ 0 0 2 7 ] 
[0 0 2 8] 

*safc*a*J: *? "b»as^LT'J)7 ! '-^oa*»S*«Brt6fc=ar>J. #tcCD - R, CD-R 
W(CDrewri table) f ^©t I ^^^C P5I i: ^ o T V^c -f X?^?>T 

[0 0 2 9 ] 

[0 0 3 0] 

l£Sjfc<^3H> 

, I n G a A s P#FiP/ I n G a P'*U TJg<7>a^#F^14lii* A IGaAsWK 
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[0 0 3 1 ] 

BUKi3V*t\ 2llinIGaAsSS, 2 2 fi nS G a A s s*y 7 r Jl (JD¥ 0 . 5^ 
m) . 2 3 (inSA 1 0 . . G a „ . . A s TgB* 9 y K* (Iff 1 . 7 ^ m) , 2 4li 
Al 0 . 3 5 Gao. 6S As TgB#V KS (i)?4 5 nm) > 2 5 fifett^J^-e*^ 0 
■T-r-C. ifrl*Hlii£2 5 fi. 712 6 2 7 S*^#J3 (D QW) 

fllitSr* LTV>£ 0 ifc, 2 8I4A1, . 3 s Ga, . , s A s ±£B2f -f Fl (11? 4 5 
nm) > 2 9a tip MA 1 0 . s G a 0 . s As _hSP» 1^9? K® (Iff 0 . 2 ^ m) 
, 30lipMGaAsi7f>^h7^1 (Iff 3 n m) . 2 9bliU7^h5>f 7" 
plAl„. 5 Ga„. 6 As ±^m 2??y Kl (mm 1 . 2 8 ^ m) , 3 1 {4 
plGaAsftll (mmo. 7//m) , 32linlAl„ 7 Ga, , As^MX 
^c^l (IffO. 6//m) , 3 3linlGaAs*2l«7 , ny^f (Iff 0 . 7^ 
m) > 3 4lipSGaAsaM^I@ (IffO. 6^m) . 3 5lipSGaAs+t-y 

ym (mm2fxm) , 3 6i4nMm^> 3 7 lipwmfe-c&So 

[0 0 3 2] 

-hfE^ 'J7f 2 6 f4 I n 0 . *Ga 0 . . P TfllfifcS 36liSI»3g-0. 62%t 
, Iff {4 2 6 a, 2 6ci s 8 nm-e*l9, 2 6 b 7 nm-e&&<> ft, I n„ ( Ga, 
. 6 P<t>E gi4> Sg*#fltL*v»»#tt 2 . 0 2 e vmj&k$$&Z *L& 0 L^U***^, 
?l5I^J:^^fi:J:cT, 1. 9 3eV~l. 9 6 e vm9LK&*> t #*_ htl2> 0 
12 7 f4. In„. i S2 Ga 0 . 838 As 0 . 671 P 0 . 3 z • *U E g 

14 1. 5^7 eVt> LTJ3 «3 , Iff {4 2 7 a, 27 b#K5 nm-C&& 0 

ffi> #F«1 2 7 fc^'J 71 2 6 i to I A E g I li 0 . 3 6 e V~ 0 . 39e Vt*^o * 
fc> A 1 G a A s KS 24, 2 8 coE g J4 1 . 86e Vt^J, 
[0 0 3 3] 

^%t*, -fcSBA i g a a s&v>*mitu~-*fmw-ei±, m,i%j$pmt;^) rmt<o i a 

Eglf40. 2 5 e VIIJK-T* <9 > ^1<7)A E g^0 . 2 0 e VfIJ^K# -5. t * ^ 'J Tt^* 
[0 0 3 4 ] 

-hiem^co I n G a A s P#F1/ I nGaP^'J 7f/A 1 GaAs*M F13Mg#l" 

— 9**iS»±, Jty.T<7? J: $ k L-cf^jsfc-j-ii H'tiSo -r^to*,. ( 1 o o) ®£ 

^r-r^> G a A s ^^2 l_hfC GaAsA77ri22, AlGaAs TfB^ 9 ? Kl 2 
3> A 1 G a A sTW K12 4, 3iWA'J 7f2 6t 21?)#pI2 7 £3cStcg2 
SLTEE&DQW^&O^Hli* 2 5 , AlGaAs _L§E#M Kl 2 8 . AlGaAsi 
ffim 1 * -7 y Kl 2 9 a . GaAsi-;f>nfy7Ji30, AlGaAs -L£&fiS 2 * 
7'/K12 9b, GaAsilll3l^ *«ifeJRAfflriSRjS*c X o Tffi^|S B B B tg $ * 
&o G a A s ^11 3 1 ±.K &if %> V y is X Y 7 4 7°W> 1 kM-$L-t%>1& / frK^ X Y 

^-f v-jsmtf (011) ^-iRi-r*^ j: ? f^x^^^iiigciotfino 

[0 0 3 5] 

3fcfc, _hI5V->*^ h-7**&n«>S&4HcJ3»taG a A silf 3 lfciJfA 1 GaAsi 
SB#2*9y K12 9 b^^x^fv^HJLT, 'J y V* h5^f 7^Mt4 0 * 
LT, Cl(7)«; y ^4 -7ffl<7>±m%.V ! mM*'&ttl£m^, AlGaAsflM7n 

"^13 2, G a A 8*2*«7 , o«^l3 3, G a A sl^ffill 34*. ;£$&&Jg 
^*BJ&«fcfeK «t oTjiE^tfHj&fiS-gr&o foRK, _kfB'J y-yx hy-f :/£B_hK}4. V 
y h5-f 7^r^*SttLTll7n 7^13 2, 33*34: II'IMftll 3 4# 

[0 0 3 6] 

#cK, _h|fi G a A s «&*«M1 3 4±lzt5kf&±fe l {hVl&*&<mi&Klsi?x Y~?x? 
ZMm-r&o f U, ±ISQ^<0«^*^1 3 4 , f2tI7B7^f3 3iitf* 
HS7n7?f 3 2 Sriy^^^jcj: <9JH^*LT, 'J ^->'x h 7 -f ^coiS^^m 
m^-^^o f^t, ^r®tc, G a A s y ym 3 5 *^rtt^JR«fflk«te»c J: 
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^Tt^^i-^. I n G a A s P&pm/ I nGaP^'J TM/A 1 GaAs^ K«c?)^ 
[0 0 3 7] 

_H&<7>«}: 9 K LT^se;$tt7tr^^£^l--^fS-g^. *S?|I8 0 O/^m-CliU ffiBE 
Itrr-^^ >^£JfcL> X^AdT^ > h LtH&> flf ^#'I£<7>iI!)5£?Ht o fc c ^<7)IS^. 
glflfim-^ Ith = 38mA, I§.JS£#'I4T 0=108 K*ML£z 0 %^M<D^m 
\z&\^Z>^mfo U-*f2£W~?te^ t£*GD#J Ef JB/' <f l> TSlc A 1 * 5 AoTv^^ I nGa 
As P^*^#F1*&cD^igtffcl^^WKJfc-<, #^®2 7^i^'J7f 2 6<Oit 
fil«T~&£Kfc|{ijt>-f\ BfffimvStE I th, ^#'I4T 0*tciBj_h$-&^it75 s T^^o 

[ 0 0 3 8 ] 

(E c , E v<Dm±$iM) 
¥lft«7)Egli, ^ > *y a >v*> Kgoji^;^- (Ec) i3 i^Al/V^Av K^x 
(Ev) (D^-C^^o b^b'&^tj. Mx.l^tEg-e^oTt, Ec&JO'Ev 

fi+^M^iafife^^ x o-c*gis-r&o — a i GaAsidEc, e wt^^<n^M 

L"C, I nGaAsP^tiiEc, E v^i^tf ^*it^l»o ^^^^#iMO^r 
n#ffiK;j3V>TfdU mmffl<r>E c IWIi^^S^E v I^±c9^ (A E c , A E v ) t5*®^^ 

2 7 lcfflv>T^& I n G a A s P J3 <£ KJg 2 4 Cffl^T^SA 1 G a A s <r> 

[ 0 0 3 9 ] 

WTKi3V>Tte> ^i#<OE g, Ec, E v <?>;*;/h£> pf#f#i/-fgii:fe^tSS 
i:ffi^TV^ GaAsOEg, Ec, E v St^Mc LT^(7)I${:tt S^^fit I A E g 
01, lAEcOl. lAEvOl £ t K-t%> 0 £tz, I AEgO Mil AE 

c 0 I 4- | A E v O I -C&&o ^ICl-e, I AEgO |OH I AEc 0 I £ £> & £ 
> I AEcO l/l AEgO I t litl), 
[0 0 4 0] 

-e?ti>t, InGaPOlAEcO l/l AEgO I C^v^TIi 
lAEcO l/l AEgO 1=0. 18 

t^7$kiiS.&A ppl. Phys. Lett. 66, pl785 (1995) 

*) , Z.ti'k&MK'mm-r&o — GaAsPWl AEcO l/l AEgO I Cov> 

xfi. ±iei nGaPi y)X-?&z>^ttt~mzmtbtiTte^z>&, ^tess^^i*^ 

"C&So GaAsP<OlAEc0 l/l AEgO I t LT^o^<7)'fiS$-|g5e L, 

jgK I nGaPfcGaAs Pt^Mwa^tiil) InGaAsP Kov^Tli. ffifiJUctS C 
TI nGa P^-fitt G a A s P^-fitt ^M-C^ffc-TS t^SSl^ KS5\f & I n G a 

AsP^I AEgO I, lAEcOl I A E v 0 I tft°<D£ ^ C4t & 7>£^ff LT* 

So iitlt ^H£<?)G a A s PWte^g&i^oj^Jt LT. GaAsP<7?|AEcO I 
/I AEgO I ^0. 60t L^^-^^r^i-o ft> I n G a A s P^(OE g l#i:o^T 
l^fi*i:|c5^Tfiii: <7?M#^*t^U7t 0 Zftlt, I nGaAsP|WEgi:o 

&Wc£>-e&;£>o AlGaAsWl AEcO l/l AEgO I Cov>Tli, — 0 
. 6-0. 6 5 t WtetlTte V) „ 0. 6 fc LT^ft'Hf ofc c 
[0 0 4 1 ] 

[214 (i, InGaAsP lcov>"C. x £ I I im<DG a i: — *\ Ifi^W y =£r V 
2£<7>P£EJ££: Lfcspffi-tK. IWIDEgt^S (x, y) E g ft^^m^ *rE]-e 

El 5 *i> MlftxSrl I I m<DG a^ififet-rs— ^$ft y £ VS£<7) p UWL t L*r^F 
Bf-hH, WCE c tft* (x. y) «:IS^-e^E c fflj^^^S^^EI-eabSo r^> lAEc 
0 I £ 5 0 m e Vft<7>#raH5-em^T</>& 0 Sfc, HI 6 \t, ffiM xSrl I I $=OG aMf& 
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^ mWy 4Vl«Pi)St LfcsfiH.hK, mCEvk%& (x, y) £*§A,-C 
v mm*ffi^tzm-?$>Zo I AEvO l*50me Vi©fWiT«v^TV^„ 

H7tt, ttiz £ I I I SS*>G aia^t-r^,-^, tffthy ^Vi^PMt Lfc¥ffi-hK 
> GaAst:tt^Ii^i:i:*& (x, y) £*SA,-e#Mii& (^M&^5E&filliQ £ 
ffi\,>timx$>2> 0 k i^-e, ^KJ&E g, Ec, Ev^^kCo^TIi, InGaPc/5 
BE^<7>^-^t-MLTMb7t:^j75s Tj. Appl. Phys. , 54, 4 , pp. 20 
52-2056 (1983) J Kl^S tlX^Z><> L^fS:^^, I n G a A s 

P^G a A s P<Dm*<Dm&^ <fc otiTioJ: ? K^k-t2> frl)WWX$>2> EI 4 ~EI 

6 *3 v> X \t^.<D^m itmjM L T {i ^ 0 
[0 0 4 2] 

_hie^E gmtmE cMtmE v%$.t&&m-r& _tia#E gS±t?&oti*4: i n 

G a P IcSo'ttS k, I A E v 0 I < &&t^ I A E c 0 I {i5gT/h£ < & *K Eg 

ti/s-v Kffl0^jS^^,r t^USo ittt-, M^GaAsPlcSo'itSt, I AE 

v 0 I fi/J>S < I A E c 0 I 7i**£ < & «9 . E g ttn ~> m KWKJ£tM 

2>Zik tM$iJ & o 
[0 0 4 3] 

MSK^ G a A sit l^t^ I n G a A s P.* 1 G a A s OE c , Ev 

<^W#£* LT^So I n G a A s P^*mti> A 1 G a A s^*t^cfc H I AEvO I 
7^§<&>9 I AEc 0 I j&VhS < Z kfrm&o tfc, El8Kf±. ^HJfico^J-* 
IJSA'J7S2 6UfflSt5I n, . 4 Ga„. 6 P ico^ti ifc|£<7>7bi6 t^Lt^S 
o l^>£?>In 0 . , Ga 0 6 P<VMJ&K&\,>XI±- 0 . 6 4 %<D?\mM&& Lti3 «9 
, 13 8 iZ&^Xli, ^f^L/^ I AEc 0 I <Dt£5e'ffi£fe®LTV>& 0 ^coMJe 

<©Ji, ffill I n G a P-COE g <Dmk<Dm&&]*^^^ Lrt: <b <7?-C&oT. £&< 

[0 0 4 4] 

is 4 7 *mm<vj&m i tm>i£u--*rmw.^33ii2> i n g a a s p#^e 2 7 & j: cf 

I nGaP^''J7l2 6«M)S (x, y) ^^O, #-C^LTV>-& 0 {IL, In 

G a P/*V T» 2 6 (*3l§tS Eg, lAEcOl, lAEvOl 
KiiJ: ij/hSv^Kfc* t#A^tt^>o 05^") I AEc 0 I 06 J: ^ I A 

E v 0 I It^tllio 4 fc, EI 8 2 7 , 1f<i KJS 2 4 , 2 8 is «fc 

CF/*'J 2 6 H&aSS-ffcffififc** 3c* A IV, A3T^LTV^ 0 -?"*U-3£ 

o>T, GaAsl«2 1, I nGaAsP#pi27, I n G a P 'J 71 2 6 * «fc EF 
A 1 G a A s If 4 YM 2 4 . 2 8 <D^*)V*?-^> K<7?M#^4ffi< i: El 3 «fc $ »c>5r 

EI 2 (a) ^ti?Ci!(*o iS, El 2 (b) I n G a P *V K»*ffl v>fc_hfe#* 

tfo&J&M fcitte-&X A 1 o . s Ga 0 . . Ast LTV>i„ 
[0 0 4 5] 

EI 2 (a) 3ttFH2 (b) tCisV^T, ^Mm^m^^m^u-^rmnkm^^^m^^ 

-f KJg<7)E g»±/jN«v»**, #Fit*M FJg fc <£> I AEc I fii^l-^:^ < ti^X^&Z. k 
■ftm&o i^LCiot, I nGaP^ M J7S2 6^P)<7)l : J 1 ^-/^7D-5!i s A 1 Ga 
AsWF|2 4, 2 8 fc. «fcoTjW£*L&7ta6K, t£*<7> I nGaPW KJg^ig-ffcV- 

-^rmn^MLx, m®.nm<Di&M,i3 xv s umm±<om±^ma>^tikmm^ti& <> 

[0 0 4 6 ] 

(AlGaAsW KESfififc<o#3&fc*£BI«>&SS) 
EI 5 ^3 «t LF|a 6 f4. Jb^LTb J: ^KGaAsPOlAEcO l/l AEgO 1^:0. 60 
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[0 0 4 7] 

Z<D%m^&-o'^X, A 1 G a A sj£EE£7M#^ K® t VX^ZhKmt-t & I A E c 

0 I GDigBlco^Tj&^&o 
[0 0 4 8] 

-hI5#F^75^0^r^ 'J T<D*~s*-7V-\^^X\t , m^-i)*%W.mbmx-, |AEc 0 

#V-flfi:*lt^I nGaAsP#pf-Cli, I AEc 0 I =I5j0. 0 3eV^&i? 
> I AEvO I=ft0. 1 2 e V^*& t«5E$*L&o ffib. ^Ofitfi, #Fnp<7>^*# 

[0 0 4 9] 

I AEc 0 I c^g/MBKo^Tfi, 4t^Jg73^<7)m-?0^--'^-7n-$rK7iC^* 
ic, Fii#pi©AEc^*0. 1 2 e V*iMt_h^;£ & J: ? M5£-#-£ £^7^& & 
o i<?) 0 . 1 2 e V*i, A 1 G a A s #H*^^r-r^> 7 8 0 nraf ^fftl'-fSf tis 
^T. I I I1©A 1M?5 S 0. 2 7fI^SAl GaAs^AVKltLtfflvi^I 
-^K+B^-T^o «ifeOBis<7)^^#V-^^co^-a-{i, #Fi2 7**1 AEc 0 I - 
#J 0 . 0 3 e VX&& I n G a A s P £ frh, # -f K12 4, 2 8 <7> I A E c 0 

1 >**J0 . 15eV ( = #t 0 . 0 3 e V + 0 . 12eV) t &£>o fit, Cl<7> I 
A E c 0 I ^ffi^-T^ A 1 G a A s li, A 1 £&fi£7^0 . 2 0*1? i>^£ ^A 1 G a A s h 

fi\$-§$t$LWi<D AEc ^fil^^^ tztb<Di$LX%> > <fc <9 li££»c ^ v 'J T<7)* 
n-*Rj!f Cfcfcfc, fiA 1 £&JtE**0 . 25i^i^A 1 GaAs*^ K@ 2 
4, 2 8HT)Bv»iit#giU>. 
[0 0 5 0] 

m^, i aec o i ^>m^aM.K^^xit, m,^<7)mxteffl%*£t£j^) r-e&tttuf&j 

^Cli, K12 4, 2 8 ct)A 1 JlSBfeti 0 . 3 5 "C^SOTt^A E c ^#f>*lTV> 

[ 0 0 5 1 ] 

(A l yV-^x&M^Mm 

K> if-i F12 4, 2 8 icSti^'J 71 2 6 LT, A 1 G a A s if -i Kf 2 4, 

28iInGaAs P#FI 2 7 t £ B8£^ £ *T *> . #F» 2 7 5&*fc©** U T<7>*-^* 

W K» 2 4, 2 8 1^ l&3fc®2$>& V*l±**tfc £ #f&*«*&#* s 3& 

[0 0 5 2] 

ttz. ^mi&<oMMK^xit, ±nm*#i3m<&mi&K&>f2>Wi*?\.<Ds*i) rmi 6 a, 

2 6c^« s AlGaAs<O^K12 4, 2 8 t^otv^ 0 L7^L&* S £>. InG 
aP^*'J7i2 6<7)JgJ¥£4 nm^TKtSt, Sfi, fctfi#B»^<0«)IM4a*fflsT-*-*o 
itlli, *V K12 4, 2 8©A 1 W«ft#x.f,tLSo Lfc7) s oT, InGaP^'J7 
©2 6<0®lfS-4 nmJ: ^Kt^^tCtoT, ^K*2 4 , 2 8<0A 1 c7>f2|p 

X*&2>o 

[0 0 5 3] 

(InGaAsP^SKUEc, E v KIW"*-**0jSO 
m 3 J: 9 ±15 1 n G a A s P 2 7 f±, G a A slt2 1 Kittle LT, 

E g Kffifllw/£75 s o"C |AEc0l<lAEv0l t Zflbltm^, 
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A 1 G a A s<DJf4 K12 4, 2 8 11, E g(±=r>^?->3 Ffi:jA#ot I A E 

cO l>lAEvO lt^S„ L7t7) s oT. I n G a A s P#PJi 27fcAlGaAs<7) 
If 4 KJB 2 4 , 2 8 k <Dffl.&&t>*£H. MJH*A 1 G a A s *#Rmk L*:l§^-KJfc«£ L 
T, #Fi2 7t**^ KI2 4, 2 8 k <D A E c S3 J: r>' A E v t . lAEcl£ 

«fc <9*£ < I a E v I £ J: «9/JS3 <tHo ***0»fHcj:*LMf, /h 

?^Eg^V KS-C I A E v I £/h3v>$ 4CI4EC I < i t aWlfifc & 

S <»Sg"rtL»***Jfi^»H*»t&«l**«3a*L4 7>T*4 0 ft, *5t** A 1 

A 1 G a A s#F»**trr* 7 8 0 n mfi?^*#V— ^f361B»c*»t* *M K»<*> 
A 1 Hfifc <t *J "b 0 . 0 5M±^^t>o 
[0 0 5 4] 

^^m<^MM<D^m^U-ifmWKi3^Xit, A l G a A s©^ Kg2 4, 2 8©A 1 
MSfcSrO. 3 5tLtv^^ 0. 2 0i , 9^:|;*tttJf«i:< N A l 0 . 3 5 «fc <9 T 

[0 0 5 5] 

feJUi^rfc < , **ife<Z)^ffiH^v»Ttt, ^*#W«Fi6afc*m 2 5 /< 
V 712 6 k#Fm 2 7 kfrh&2>D QWfUili: L, 7® 2 6 £ I n G a PTifjjfci- 
^»— #J3® 2 7 £G a A s S«2 1 In.. 162 Ga„. 83a A 

s o . 6 7 ! P„ . 3 2 , -eiiLtV^o 2 2 8 £A 1 „ . 3 6 G 

a o . « 5 A s -Cfflffifc ct AMK12 4, 2 8 £A 1 G a A s T?HJ& 

ntt &cJ:^T. *M Vmt L«iort < I n G a P Jfc Lt^ K 

i«E g ti/hS < £&7^\ t *V K® k<D I A E c I <t^iH s -C^o 

Lti s ot, I nGaP^'JTf 2 6 frh (DM^O* 7 n-£A 1 GaAsW K 
§ 2 4, 2 8 ioTjWJ-Ta i t^'TlSo *<D&%;, #5fc<7> I nGaP^ K*4MP 

o 

[0 0 5 6] 

£ t>K> -hfa^f'f KJB 2 4 , 2 8 £. 0. 2 0 J: H^I^A 1 |E^A 1 GaAstt 
SitCioT, **^f KS 2 4 , 2 8 k#-F>m 2 7 i: O A E c £ 0 . 1 2 eVWil^g 
tsrt^Tl, #]p®2 7 7)^<75li-^c7)^--/s--7n-^^p$ij^-^ >l r H ! Tii, 0 £ t> 

I n G a A s P #F® 2 7 tj|&<^-£-£& itCiot, /J> <? £ E g<7)#M Kg 2 4 , 
2 8 1?. #F>® 2 7b if A K® 2 4 , 2 8 k <D \ A E v I */h AEc I** 

^5 O 

[0 0 5 7] 

Lfcrt*oT, Jij£L*:*£*<7)#Ff®/V^; T®KA 1 * ! Aot^^v> I n G a A s P^S 
^#)^«jt<7)^«C#:V--9-^®mt-^ 2 7^i^'J7l2 6^)iili^«-e* 

4 *>#|t,-*% NttttXl t h= 3 8 mA. SJg#ttT 0 = 108Ki, I n G a P ff-i 

k® k jt-cTsd^te** l < m± 2 c t § ^ o-c* * o 

[0 0 5 8] 

-€-0 -hie I nGaP^'J 7® 2 6 <?)®)¥£ 4nmlWi< LTV^c7>-e, A 1 G 

a A s K® 2 4 , 2 8 <0A 1 <75j^#$r^:iliIic}r(I$iJ-r^ i fc7i s -C§, i^S, iSffi;tJB#K 

[0 0 5 9] 

**«6^S^*v>TI±, _hfSI nG a A s P#P12 7 £G a A s^K2 1 k m Cte^ 
5e^c£ Vtzib\ I n G a A s P #F<® 2 7 M 3? £ #n x. "C & A 1 G a A s c7>#.-f Kg 2 4 , 
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-?$>&-t>K £*lhHU> i><D-?i*% < , &M;<D&73%L-cmffi<D%)&j)mhti&o Sfc, 

[0 0 6 0] 

7 8 0 nmt L *ttJ s £ *UcRg;z> fc(7)-Cli& < , 7 6 0 nmJ:n^l < JLo 8 0 0 n m <fc 
•9 "b/hS^jJrill 7 8 0 nm^-T*tLJf I^^<7)^^*#S i .k^-Cg; &<7)-e*^,o 
[0 0 6 1 ] 

^nM^Mli^ I n G a A s P#FU#/G aAsPA'J T©co*^#^ttlSJ^fc A 1 
GaAs^ Fit Sr^rt-^lil«m*^7 8 0 nm-C*J*iftV-fIflCl3t4o * 

«<?)B&e<7)4^fr^-^miis ±tmimM<vMM<D*mfc^~irmmK&^i:, * 

'J 7S2 6 £ I n G a P G a A s 0 . 72 P 0 . 2 * Km£l&X-7ir *><7)-e& *K /t'J 

m<DMmfci3ii&m 1 £-e<7)£ t^^^t K-r& 0 

[0 0 6 2] 

_h1SG a A s o . 7 2 Po . 2 8 '*'J T* 2 6 fi. ^* S ?I?S^- 1 mm& 2 6 a, 

2 6 ctM8 nmt$ »9 2 6 b 73 s 7 nm-C^So GaAs, . 72 P 0 . 2 8 <^)Eglt S 

^^ntL^v^-a-fi i . 7 7 e vmmtm-mzti&o m, sisim^ j:&e s ^<Dmm^^ 

7 fix In 0 . 16 2 G a o . saaASo. 671 Po. 329 "C^SfeS ft. Eglil 

. 5 7 e VC> i«t^i-&LTfel!), Il?li2 7 a, 2 7 b*C5 nmf #P 

■ 2 7t^'J7l2 6i© UBg I 110. 2 0 e V So ifc, ^Kf 2 4, 2 8 
<7)E gfi 1 . 8 6 e VT-abSo 
[0 0 6 3] 

, > h LTtmtc, i?tttwi5E^fro7t:, *<Dm^. MmMffi. I t h=2 

5 mA. SJ^fttT 0 = 140 K-e&o7ir«, Z.cr> Sl fc, 31gfiM*> s «£A £ ft/c G a A s P 

n g ap^u r _tsa# i *i©Bi^*#v-fst ^JtLT, m^nz 

[0 0 6 4] 

(GaAsPA'JTlO^ A 1 G a A s if A F» £#ffl-T& 

112 (c) ^^<7)^I^^«£#V-^m^*tt^^'MJ*Jfi#0-X^;V^f-^^> 

K^r^-To JiIB^ 1 $km<t>J&mK&lf2> I nGaP^'JTfMn^ffrWfgftf) 
EI2 (a) K7jk-fJ^* ;v^-/t> K^t, k¥ij;g> <£ -9 (c. E v ffiSlKis v^T, 

Fi 2 4 , 2 8 frh&Wm 2 7^tL^tf*-;HzML"C^#(c^§^/N*'J T7i 5 "C§:TV> 
S^t75^J^»o — ^> $**<?)IlKfeitl. GaAs PAV 7l«*iiftP-f ©I 

*v*o 13 4 -IS 7 K> ^HJ£<7)^I^ci5tt*^^ , > T^cdG a A s Pffi^^r^-C^bTv^ 
o :$fcKi£-<7s:«J: GaAsPCl AEc 0 l/l AEgO I liO. 6 0fem.X$>2> t 

MfcZtl&tztb, M6 frhm* <£ -9 I n G a PKJfctfcLT I A E v 0 I Sr^itHK/h S 
<-T&Z b&X£& 0 Lfztf-oX, *V Tmt LTInGa P<7>^=b»9 KGaAsP*! 
i/^iticiot, #pfi:^'J7li:(rJAEvU3<t i l, ^r^m^<D * - JK7)j£A 

[0 0 6 5] 
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[0 0 6 6] 

— # % M4 jsi tfm 5 frhm& <£ -9 fc, -hlSG a A s P/ty yjgco I A E c 0 I Kov>T 
fi. I n G a P Icih^TE g*Vh3 < & o T K & net? <5>-f:*: £ < &oTV>;g> 0 Hfig/O* 
G a A s o . 7 a P o . 28 -Cifc&Si-^O I A E c 0 I it 0 . 2 1 e VHJg t=f£5ES *l 
&o Lfc>9*oT^ ±&l,tz£ o KI n G a A s P#P® 2 7 <7> I A E c 0 I tilt 0 . 0 3 
e VC& #^«iA>; T©t <7) | A E c I it 0 . 1 8 e V (= 0 . 21eV-0 

. 0 3 e V) Wm.t%2> 0 i<Dffi(i, A 1 G aAs#Pi^tn 7 8 0 nmi*f#l^ 
— 9**11 tJfeiCLT'bra* V^^^i $ S*tLTi/^o L^L&7^t>, GaAsPA'J 

^fKitLTIi, GaAs|«i:«^U J.o, a E c < I£5e-C £ 2>ttW*M 

^tl»'TO s *l>o fctf^ ^^ifi<7>BII<7)Crt < . K® tLTA 1 G a A 

[0 0 6 7] 

_Lf5#W KItLTGaA s ^«t&^^r#-;2, I n G a A s P £fflv>7^-a-Kf4 
. #F® t If A Vm t cr> | A E c I (4, IS 8 7^<b k¥U£ J: 9 C/h?v>ii:^otLl -9 o 
^Plt/'i'JTlt© I aec I m-^^c^ v^-e*^>7i5 % /^jTiwS^lil^wtl 

[0 0 6 8] 

^Jfi<7>^i^*^£#V-^M^^>t^ A 1 „ . 36 Gao. 8 s A s 1f<i KS 2 4 , 
2 8 J4. ^C7) | A E c 0 I *«0 . 26e V*SJS?-C& 19 > a»'J T@ J: »9 *> £ tm$i 

# s -e£. 0 ^iR]Ji?-fr^>ii:7i s -e|:^<^-e2b^o 

[0 0 6 9] 

ai„. 3 5 Ga, . 65 As &m\<*2> t, Rjsmts^) rm^^xfif^ t <o a e c 

(4 0. 1 8 e V^IJ^t tmfcZ fr&o L7t7i s oT, PIICAl, , 5 Ga, 6 6 A 

s &m^tzWi-£-T?i>, *$kM<7>j&m<D^&#)3mkjfj k® t^A e c <i$.&zt 

tw I nG a A s P£ffl^*:Cl K J: 0 
[0 0 7 0] 

(g a a s p^'j rm<v^ : ®}%:mm<7ydkfc) 

#**fc<7>?fcjiicj3^-c{4, Jif£^ 1 ^i^fll^Lt, ±lE^'J7ii:GaAs 0 

J&3£B<75G aAsP, InGaAs P 1 1 i 1 56^^ & c 

[0071] 

filT, _hIB InGaAs PM^^'J rJl t LTfirtigtS I AEcO I isitf I A 
Ev 0 I <OlMiiTVB.k i:o^Tja<s 0 #^®^<?)^-v 'J T&;Ucov>t {4*- 
@E«j<t#x.. I AE v 0 I Sr^F^^lc^i; < L&</> J: 0 KifcSE-T&o i #F®t5^?> 
^■v 1; T<D^-^~ -7 n- icov^Tlit^^ffiWitx., IaEcO I £3v&9?£'.N3 
< L&v^ J: 9 fcBBfe-*-* £ t 7 8 0 nm0^teV--*f$Sefc:i3 

It^InGaAsP^-eii, IAEcOI=£jo. 03eVe*i5, I AEvO I = 
*b0. 1 2 eV-e|,&t«£$tl&o fflL, i<7)fjt(4. #^©<7>^*^lcJ: ^T^Rji-^ 

<7>-e$^-ci4>2rv> 0 

[ 0 0 7 2 ] 

I A E v 0 I C0#/Mitlcov>T{4. /^'J TSt#FJBi:<OA E v i4^& < <k *>IE<73 
ii:^l»*|?^Sc Lt* s ot, I AEv 0 I >|5J0. 1 2 eVe*^ @6)5^P|a 
J&0. 15-0. 3 0#jSI: I A E v 0 I (7)l#^ffitS if x.So 
[0 0 7 3] 

I AEv 0 I co«^;fittcov>T{4, 55f>f KJB0*£o#-JU<a&A*«i^L4^5gJK 
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^}fPx_&'.&^7!>*3>&o 1T4 YM*?? 9 ? Ki t LT, InGaP ^A l G a A sf©G a 
A sa^M&^^^fca^W^J^^/flv^fr*:^ ^<t1)St I A E v 0 I 
<T>-K%^ I n G a Ptf*fl!i#» H I AEvO I < ►)> I A 

E v 0 I <*bO . 3 8 e V (16 Hi3*t& G a A s KM-T &&&& 0 <D&WLt InGaP 
«)It^"C©UEvOl<7)i) Lfc^oT, m6frh, Pm&&0. 6 0 

~ 0 . 8 O-C&^ttifiK I A E v 0 I CiW«tSi:fx.4 0 
[0 0 7 4] 

ztz, i aec o i <DM'Me.K^^xi±, &7 s mfrh<?>m, : f-<7>*-'*-7v-*p}<:tztb 

H> /tij 7lt#Fi©A E c # 5 0 . 1 2 e V*IJg&_hH#& <fc ? KKSfe-*"*<ft9?a , *& 
o £<D0 . 12eVli, AlGaA s ^coaMMfcl' IB -CtfU /*'J rm^ I I I 
Alffi.&&0. 2 7*lj£<7}A 1 G a A s £ffl Wc^K^"^ 0 Lrt: tf s o T> «J T» 
<D I A E C 0 I (±. $rF>m<F> I A E C 0 I 0 . 0 3eVf*^^6, lAEc0l> 

#j0 . 15eV (#J 0 . 03eV+0. 12eV) £ H 5 5.^121 7 frt>m& «k ■? K 

mE cm&^&'f-fc&l&t^f^i&^Zkfrb, I AEcO |HIWLTIi#pf©6aA 

s ^M-f-^s*75^co^*c^^<7)flt-e^^.$rig:^-r^>i < s:5&s-c§& 0 

M«t<7>^*<^^^- 0. 6 5% 0. 8 5 %«ffriftfc. | A E c 0 I <D9t%-i)*tf&t Z> 

[0 0 7 5] 

m, ^mm<DmM<o^mi^u-^fmm.^^Kit, a i g a a s *v K12 a , 2 8^ 
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